Publicly available data sets hold much potential, but their unique design may require specific analytic approaches.
P ublicly available data sets hold much potential and support the assessment of patterns of care and outcomes. Further, they lead to democratization of research, thereby allowing novel approaches to studying disease conditions, processes of care, and patient outcomes. 1 However, the design properties of publicly available data sets may require specific analytic approaches. The National Inpatient Sample (NIS), which is a large administrative database produced by the Agency for Healthcare Research and Quality (AHRQ), has been increasingly used as a data source for research. 2 Developed under the AHRQ Healthcare Cost and Utilization Project (HCUP), the NIS includes administrative and demographic data from a 20% sample of inpatient hospitalizations in the United States and has been compiled annually since 1988 through a partnership between multiple statewide data organizations to annually contribute data for all-payer health care utilization. 3, 4 The NIS, however, has design features that require specific methodological considerations. Therefore, AHRQ supports the data with robust documentation, including a detailed description of sampling strategies and data elements for each year, 5 a step-by-step description of the required analytic approach in multiple online tutorials, 6 and a section about known pitfalls. 7 Further, it allows investigators to examine the accuracy of the analytical approach using the web-based tool HCUPnet, which provides weighted national estimates for every diagnosis and procedure claim code using a simple interface. 8 The inferences and interpretation drawn from studies that use NIS data without adhering to these resources may contain inaccuracies. Given the recent proliferation of research using NIS data, this study systematically assessed the use of appropriate research practices in contemporary investigations using the NIS across a spectrum of biomedical journals.
Methods

Study Selection
We performed a systematic evaluation of a randomly selected subset of peer-reviewed articles published using the NIS from January 1, 2015, through December 31, 2016, using a checklist of major methodological considerations relevant to the database. Using data from a public repository of publications from the NIS 9 and supplemented with data from bibliographic repositories, we identified 1082 unique studies (eAppendix 1 in the Supplement). From these, we selected all 25 studies that were published in journals with a Journal Citation Reports impact factor (2015) of 10 or greater and a simple random sample of 100 additional studies that were published in journals with an impact factor of less than 10 ( Figure 1) . The sampling of studies was performed using the SURVEYSELECT procedure in SAS 9.4; all studies (n = 1057) in journals with an impact factor of less than 10 were assigned a random number, and 100 studies were selected with each study having an equal probability of being selected in the sample (sampling-probability = 100 ÷ 1057).
The representativeness of the sample was assessed against the NIS universe for (a) distribution of studies across the spectrum of journal impact factors, (b) the nature of the source journal (medical or surgical), and (c) the clinical field of the journals (medicine and medical subspecialties, surgery and surgical subspecialties, pediatrics, obstetrics and gynecology, or mental and behavioral health) in which the articles were published. The inverse of the sampling-probability or 10.57 represents the sampling weight for the studies published in journals with an impact factor of less than 10. Because all studies with an impact factor of 10 or greater were selected, the corresponding sampling weight for each was 1.
Evaluation Criteria
All selected studies were evaluated for 7 research practices in the major domains of data interpretation, research design, and data analysis. These research practices were compiled based on the publicly accessible recommendations by AHRQ for the use of the NIS. 3, [5] [6] [7] [10] [11] [12] [13] [14] The design of the NIS and required research practices for use of the data are described in eAppendices 2 and 3 in the Supplement. Adherence to these research practices is essential for drawing appropriate conclusions using data from the NIS and is therefore required of all studies using these data. The 7 research practices ( Table 1) are described briefly below.
Data Interpretation
The NIS is a record of inpatient hospitalization events. 4, 12 Therefore, studies using the NIS were evaluated to determine whether observations were correctly portrayed as hospitalization events or discharges rather than as unique patients (practice 1).
Research Design
Practice 2 requires the avoidance of using the NIS to assess state-level patterns of care or outcomes. 11 To permit assessment of national estimates, the NIS is constructed using a complex survey design in which sampling of hospitalizations is based on predefined hospital strata. 10, 12, 14 This sampling design does not include states, and sampling from states may not be representative of hospitalizations in that state. 11 Similarly, since 2012, the data structure for the NIS changed from a sample of 100% of discharges from 20% of hospitals in the United States to a national 20% sample of patients, precluding hospital volume-based analyses beyond data from 1988-2011. 10,14 Therefore, studies were evaluated to determine if they limited hospital-level analyses to data from the NIS for 1988-2011 (practice 3). In addition, given the inconsistent meaning of the available provider field code, which refers to either individual physicians or physician groups, physician-level volumes cannot be reliably assessed. 13, 15 Therefore, studies were evaluated to determine if the NIS was used to obtain physician-level estimates (practice 4). Because the record of hospitalization in the NIS includes 1 principal and as many as 24 secondary diagnosis codes without a present-on-admission indicator, there is limited ability to distinguish complications from comorbid conditions. 16, 17 Thus, it is recommended that validated algorithms that use a combination of Diagnosis Related Groups and secondary diagnosis codes to specifically identify comorbid conditions (eg, the Elixhauser comorbidity index) and complications (patient safety indices developed by AHRQ or secondary codes specific to postprocedure complications) be used.
18-20 Therefore, studies were evaluated to determine if nonspecific secondary diagnosis codes to infer in-hospital events were used (practice 5).
Data Analysis
The appropriate interpretation of data from the NIS, which are compiled using a complex survey design, requires the use of survey-specific analysis tools that simultaneously account for clustering and stratification as well as the potential for sampling bias-allowing weighting of estimates to generate national estimates with an accompanying measure of variance of the estimate. 6 Therefore, an evaluation was performed to determine if analyses used appropriate survey methodology (practice 6). In addition to the sampling redesign in data after 2011, major data changes in 1998 necessitated the use of modified discharge weights in studies spanning these transition years. 14, 21 Thus, studies spanning these 2 transition points were evaluated to determine if they followed special considerations to ensure accurate assessment of trends, specifically through the use of modified discharge weights, to obtain accurate estimates (practice 7).
Evaluation of Selected Studies
The 7 practices were assessed by an objective set of criteria for grading each study (eAppendix 4 in the Supplement). Five of the practices are applicable in all settings, thus they applied to all the studies. The remaining 2 practices (3 and 7) were applicable to fewer studies. Practice 3 required that studies performing hospital-volume assessments be limited to data before 2012, and practice 7 required that studies performing trend analyses spanning transitions in the NIS make required modifications to their analyses. Before study evaluation, all investigators involved in data abstraction (S.A., T.C., J.W.W. , a n d R.K.) reviewed a standard summary of the methodological design of the NIS, compiled by all investigators, and reviewed the official data documentation reflecting the 2 different sampling designs (before 2011; 2012 and later). Each study was evaluated independently by 2 of 3 investigators (S . A . , T.C , a n d J.W.W. ) , a n d r esults were collated and confirmed by a fourth abstracter (R.K.). There was good interrater reliability (κ statistic, 0.88) and disagreements were resolved with mutual agreement, discussion with the senior author (H.M.K.), or both. All study outcomes are reported as the percentage of eligible studies that did not adhere to a research practice.
To estimate the overall frequency of nonadherence in the universe of studies published using the NIS in 2015 and 2016, a survey methodology that accounted for stratified sampling of studies based on journal impact factor was used. For these analyses, a journal impact factor of 10 or greater or of less than a The sampling of studies was performed using the SURVEYSELECT procedure in SAS 9.4; all studies (n = 1057) in journals with an impact factor of less than 10 were assigned a random number, and 100 studies were selected with each study having an equal probability of being selected in the sample (samplingprobability = 100 ÷ 1057).
10 was used as the stratification variable and the corresponding sampling weights for these strata (1 for ≥10; 10.57 for <10) to obtain weighted estimates for the universe of NIS studies published during this period. Further, to examine the association between the publications and other investigations and guidelines, the citation record was evaluated using Google Scholar citations on April 4, 2017. All analyses were repeated, after stratification of publications, and categorized as having an impact factor of 10 or greater or of less than 10. The χ 2 and Fisher exact tests were used to compare differences in categorical outcomes, and the nonparametric Wilcoxon rank-sum test and nonparametric regression analyses were used to compare continuous outcomes.
Data Simulation
To demonstrate the practical implications of these errors, we present an example based on our own analyses. We used the NIS data from the years 2010 through 2013 to simulate errors in the assessment of hospitalization-level trends in the use of coronary artery bypass grafting (CABG) in the United States, emphasizing the need for using a survey-specific methodology and accounting for major changes in data structure over time (practices 6 and 7). In this example, hospitalizations with CABG procedures were identified using the clinical classification software procedure code 44. We examined temporal trends in CABG procedures during 2010-2013, using a set of modified discharge weights for the years 2010-2011 (AHRQrecommended weights) that accounted for changes in the NIS data structure for subsequent years. We then simulated these trends using discharge weights that did not account for changes in data structure over time (incorrect weights). Differences in time trends with these 2 approaches were assessed using analysis of covariance. All analyses were performed using SAS 9.4, 2-sided statistical tests, and a level of significance set at an α of .05. The study's use of NIS data was exempted from the purview of Yale University's institutional review board because the data were deidentified.
Results
Of the 125 publications in our initial cohort (all 25 studies published in journals with an impact factor of ≥10 and a random sample of 100 studies published in journals with an impact factor of <10), 5 studies were excluded because they used multiple data sets with limited information on NIS-specific methodology, precluding methodological evaluation (1 [4%] in a journal with an impact factor of ≥10 and 4 [4%] in journals with an impact factor of <10), leaving 120 studies for detailed evaluation of research practices ( Figure 1 ). The selected studies were representative of the universe of NIS studies with respect to journal impact factor, medical or surgical nature, and clinical field of the source journal (eFigures 1-3 in the Supplement). Of these, 78 (65%) qualified for evaluation on 5 research practices, 40 (33%) for 6 practices, and 2 (2%) for all 7 practices.
Of the 120 studies, only 18 satisfied all required practices, representing 10.5% (95% CI, 4.7%-16.4%) of the 1082 studies published using the NIS during the study period. Table 2 ). Therefore, an estimated 925 (95% CI, 852-998) studies did not adhere to 1 or more required research practices, and 696 (95% CI, 596-796) studies did not adhere to 2 or more required research practices among the 1082 unique studies published using the NIS during 2015-2016 (Table 2) . 5 Avoiding use of nonspecific secondary diagnosis codes to infer in-hospital events [16] [17] [18] [19] [20] Data analysis 6 Using survey-specific analysis methods that account for clustering, stratification, and weighting 6 7 Accounting for data changes in trend analyses spanning major transition periods in the data set (1997-1998 and 2011-2012) 14, 21 Abbreviation: NIS, National Inpatient Sample. The percentage of studies that did not adhere to individual required practices varied considerably ( Table 3) . Denominators varied by each of the evaluated research practices. Of the 120 studies, 79 did not account for the complex survey design of NIS in their analyses, corresponding to 68.3% (95% CI, 59.3%-77.3%) of the studies in the universe of 1082 NIS studies, 62 (54.4%, 95% CI, 44.7%-64.0%) used nonspecific secondary diagnosis codes to infer complications, 45 (40.4%, 95% CI, 30.9%-50.0%) reported results to suggest that NIS included individual patients rather than hospitalizations (without addressing this in the interpretation of their results), 10 (7.1%, 95% CI, 2.1%-12.1%) improperly performed state-level analyses, and 3 (2.9%, 95% CI, 0.0%-6.2%) improperly performed physician volume estimates. Seventeen studies performed an assessment of diagnosis and/or procedure volumes at the hospital, corresponding to an estimated 141 (95% CI, 71-212) overall. Of these, 2 studies in the sample (8.2%, 95% CI, 0.0%-22.5%) included data from 2012 when such estimates were unreliable. In addition, although 27 studies (weighted, 218 studies [95% CI, 134-303]) had periods of major data redesign in the NIS, the analyses in 21 (79.7%, 95% CI, 62.5%-97.0%) of these did not account for the changes.
Studies published in journals with an impact factor of 10 or greater frequently did not adhere to required research practices (Table 2) . Of the 24 publications in journals with high impact factors, 16 (67%) did not adhere to at least 1, and 9 (38%) did not adhere to 2 or more required research practices. These rates were higher among the 96 studies sampled from publications in journals with an impact factor of less than 10, in which nearly 90% (86 of 96 studies) had at least 1 or more instances of nonadherence to required research practices (absolute difference, 23% [95% CI, 0%-45%]; P = .01); two-thirds of all studies (65 studies) had 2 or more practices that were not appropriate for data from the NIS (absolute difference, 30% [95% CI, 7%-52%]; P = .009). Moreover, compared with studies published in journals with an impact factor of 10 or greater, those published in journals with an impact factor of less than 10 had more instances of nonadherence to required research practices per study (median, 2 [interquartile range {IQR}, 1-3] vs 1 [IQR, 0-2] for journals with an impact factor of ≥10 [P = .006]) ( Table 2 ). The nature of the nonadherences followed a similar pattern in studies with an impact factor of less than 10 vs 10 or greater (Table 3) .
Studies using data from the NIS were cited a median of 4 times (IQR, 0-9) during a median follow-up period of 16 months since their publication ( Table 4) . More instances of nonadherence were associated with fewer citations among studies with zero or 1 nonadherence (median, 6.5 citations [IQR, 2-12]) compared with a median of 2 citations (IQR, 0-7) for studies with 2 or more instances of nonadherence to required practices (P = .01). Further, among studies published in journals with an impact factor of less than 10, although the median number of citations was higher in studies with zero to 1 instance of nonadherence (median, 4 [IQR, 0-7]) compared with studies with 2 or more citations (median, 2 [IQR, 0-6]), these differences were not statistically significant (P = .49). For studies published in journals with an impact factor of 10 or greater, there was no significant difference in the median number of citations among 
Discussion
In this overview of a random sample of 120 published studies drawn from 1082 unique studies published using data from the NIS during the years 2015-2016, 85% of studies did not adhere to 1 or more required research practices. Most studies did not account for the complex design of the sample in their analyses and therefore did not address the effects of sampling error, clustering, and stratification of data on the interpretation of their results. Similarly, 80% of the studies did not account for major changes in the data structure of the NIS over time and were thus likely to ascribe effects of data changes to temporal changes in the disease condition of interest. Investigations using data from the NIS also frequently misinterpreted the NIS as a patientlevel data set rather than a record of hospitalization, thereby inflating prevalence estimates. Furthermore, 52% of the studies extrapolated information from the available data to infer inhospital events using nonspecific secondary diagnosis codes. Several studies performed state-, hospital-and physicianlevel analyses in conditions for which such analyses would not be considered appropriate. The quality issues identified were pervasive in the literature based on the NIS, even among articles published in journals with high impact factors. In addition, despite limited follow-up, publications based on the NIS have been frequently cited, regardless of the number of required research practices not followed.
Within the NIS, the limited agreement between robust official recommendations and actual practice raises questions about the inferences that have been made from many published investigations. Further, it raises questions about the reasons for investigations' nonadherence to the research practices required by AHRQ. First, the data can be obtained by anyone with access to a computer, and there is no requirement for statistical training or analytic support for individuals using the database to conduct investigations. Although the NIS has robust documentation and tutorials, the resources may not be known to researchers. Second, even experienced investigators may incorrectly design studies or misinterpret data from the NIS. In particular, the sampling strategy ensures representativeness but requires an understanding of more advanced survey-analysis procedures to appropriately account for the stratification and clustering of data from the NIS. The NIS has a data structure that is similar to other common administrative data sets, such as Medicare, in which each observation represents a discrete health care encounter and includes a set of administrative diagnosis and procedure codes that correspond with that encounter. However, the NIS data include several additional variables that identify the sampling strata and clusters for each observation, which are necessary for its appropriate use. Further, features such as the inability to track patients longitudinally, or obtain estimates for states or physicians require that researchers invest the time to understand the nuances of data analysis using the NIS as opposed to transposing methodology from analyses of more conventional administrative data sets such as Medicare. Therefore, a careful review of the required practices is essential to ensure appropriate use of NIS data. In addition, it is critical that investigators ensure that the NIS represents the most appropriate database for their research question and not predicate their decision on its easy accessibility compared with other data sources.
Although the research practices assessed in this study are specific to the NIS, the findings do not impugn the NIS or the open-source science platform. Rather, these findings highlight the possibility that lack of adherence to required research practices could undermine the potential of this national resource, and that the conscientious dissemination of information, such as that provided by AHRQ, may not be sufficient to address the problem. The use of checklists and standardized reporting of adherence to standards within publications could be one means of promoting high-quality studies. 22 However, such checklists would need to incorporate databasespecific standards. 2 This study has several limitations. First, the study only includes an evaluation of studies from a recent 2-year period, and the quality of investigations using the NIS in preceding years may be different. However, given the forward-feeding nature of science and limited familiarity with the NIS that was observed in the studies examined, superior quality in earlier years would not be expected. Second, the present study performed a limited evaluation of study quality focused on 7 NISspecific practices but did not evaluate other aspects of quality. Therefore, the study does not suggest that investigations that followed all the NIS practices that were examined are of the highest quality, given the potential for additional limitations and incorrect research practices (eg, inflating the generalizability of the study's population or its outcomes to those outside of an inpatient clinical setting or both). Third, the present study did not independently examine the direct implications of the identified research practices in the context of their specific field. However, it would be prudent to confirm the results of studies using data from the NIS that did not adhere to research practices, particularly those that are of major importance to a research field. Fourth, this study was not designed to compare quality in different types of studies or in other publicly available databases, and an independent assessment of studies published using other data sources is needed. Fifth, while the present study followed objective criteria and performed multiple independent evaluations of the studies, there is a potential for misclassifying studies if the authors did not report the methods clearly. Sixth, the present study uses study citations as a marker of the association between a publication using the NIS database and subsequent investigations in the field; however, it does not specifically address the nature of these study citations.
Conclusions
In this study of 120 recent publications that used data from the NIS, the majority did not adhere to required practices. Further research is needed to identify strategies to improve the quality of research using the NIS and assess whether there are similar problems with use of other publicly available data sets. Funding/Support: Dr Khera is supported by the National Heart, Lung, and Blood Institute (NHLBI) (5T32HL125247-02) and the National Center for Advancing Translational Sciences (UL1TR001105) of the National Institutes of Health. Dr Girotra (K08 HL122527) and Dr Chan (1R01HL123980) are supported by funding from the NHLBI.
Conflict of Interest
Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication. We identified all studies published using the National Inpatient Sample (NIS) data between January 1, 2015 and December 31, 2016. The Agency for Healthcare Research and Quality's (AHRQ) website for its Healthcare Cost and Utilization Project (HCUP) has an online repository of all studies published using the NIS by calendar-year of publication. This is publicly available at: https://www.hcupus.ahrq.gov/reports/pubsearch/pubsearch.jsp. We identified all 1056 studies published during 2015 and 2016 that were listed on this repository. Further, to ensure completeness, in conjunction with an experienced librarian, we identified additional studies from OVID Medline and OVID Medline-in-Process. Using search terms "National Inpatient Sample" and "Nationwide Inpatient Sample" within the title and abstract sections, and manual sorting, we identified an additional 88 NIS studies for a total of 1144 studies. Finally, after manual removal of duplicates and conference proceedings, there were a total of 1082 unique studies included in the sampling frame. The search and study selection process was conducted on March 19, 2017. We selected all 25 studies published in journals with a Journal Citation Reports® impact factor (2015) of 10 or higher, and a simple random sample of 100 studies published in journals with an impact factor of less than 10 (Figure 1 in main paper) . We pre-specified an impact factor of 10 as an arbitrary indicator of high-impact journals.
eAppendix 2. Description of the National Inpatient Sample
The National Inpatient Sample (NIS) is a random 20% sample of inpatient discharges from U.S. community hospitals regardless of the payer, 1 constructed by AHRQ annually since 1988 to specifically allow estimates of national healthcare resource utilization. Under its Healthcare Cost and Utilization Project (HCUP), AHRQ has forged a partnership between multiple statewide data organizations to contribute all-payer healthcare utilization data annually, and has leveraged a federal-state-industry partnership to construct the NIS.
From 1988-2011, the NIS (then called Nationwide Inpatient Sample) was constructed as an annual sample of nearly 1000 U.S. community hospitals after stratification by hospital ownership, bed size, teaching status, urban/rural location, and the 9 U.S. census divisions (summarized in Table 1 of the main paper). [1] [2] [3] These hospitals were sampled only from participating U.S. states, whose numbers increased from 8 states in 1988 to 46 in 2011, and were selected in a manner to represent 20% of all U.S. hospitals defined by the American Hospital Association survey across participating and non-participating states. All discharges captured in the comprehensive, respective State Inpatient Databases from the sampled hospitals, regardless of disposition and outcome, were included in the NIS. The State Inpatient Databases, themselves, capture data in a uniform format allowing effective pooling of data across states.
Discharge weights were calculated by AHRQ and were based on the number of sampled hospitals in each stratum relative to the number of U.S. community hospitals within similar strata defined nationally across both participating and non-participating states. 2, 3 During this period, the NIS underwent its first major redesign, which included how a hospital unit in the NIS was defined, specifically, rehabilitation centers were excluded from its sampling pool. 4 Revised discharge weights were made available to ensure consistency in trend analyses spanning the 1998 data. 4 The second major redesign of the NIS occurred with the 2012 data. With increasing state participation in HCUP in recent years, the NIS directly covered approximately 97% of the U.S. population. Therefore, beginning in 2012, to improve the representativeness of the sample, and the precision and stability of weighted national estimates, the NIS was redesigned from a 20% sample of hospitals to a 20% sample of patients captured from all hospitals in participating states (now called National Inpatient Sample). 1, 5 In the redesigned sample, discharges from all hospitals are sorted by hospital ownership, bed size, teaching status, urban/rural location, and 4 U.S. census regions, and every 5 th discharge is selected. 5 Further, while the American Hospital Association Survey was used to define hospital-units in the sample prior to 2012, the redesigned NIS defined hospital-systems based on the data from State Inpatient Databases (SIDs) of the participating states. Discharges from psychiatric hospitals, rehabilitation centers, long-term acute care centers, and federal institutions are not included. Discharge weights to obtain national estimates too were recalculated at a discharge level using the number of discharges within each stratum as opposed to the number of hospitals in earlier years. 5, 6 This redesigned approach improved the margin of error for national estimates by 42-48% over the previous sampling methodology. 5 The database redesign has major implications for trend analyses. To allow assessment of trends across these distinct designs, the revised sampling approach was applied retrospectively to 1993-2011 data to obtain revised discharge weights, available as 'trend weights' from HCUP. 5 The validity of this approach was rigorously evaluated and is currently recommended as the standard analysis approach. 6 Further, it is recommended that trend analyses using redesigned data do not include data from the years 1988-1992.
The NIS data are organized such that each observation in the sample represents a unique hospitalization with information on more than 100 clinical characteristics: patient demographics (e.g., age, sex, race, median income for ZIP code), hospital characteristics (e.g., ownership, size, teaching status, census region and division), primary and up to 24 secondary diagnoses as well as 15 procedures as administrative codes, Diagnosis Related-Group codes for disease severity, discharge status and disposition, total charges, and length of stay. 7 NIS is best used for examining the utilization of hospital health services, practice variation, cost assessment, and to assess the impact of health policy interventions. 1 Moreover, since it includes data on nearly 8 million hospitalizations each year, it affords the opportunity to examine healthcare utilization for rare disease conditions that are managed primarily in an inpatient setting. 1 However, there are some important considerations related to its design and analysis that may be prone to misinterpretation: (a) NIS does not identify individual patients and hence longitudinal information is unavailable; repeated inpatient encounters for the same patient may be captured more than once; 8 (b) it does not capture post-discharge outcomes, and estimates that rely on this information are not possible; 8 (c) it does not capture information on outpatient encounters or observation-only stays, and conditions and procedures predominantly occurring in these settings may be underrepresented in the sample; (d) the sampling methodology does not allow accurate estimates of subset volumes (e.g. state-level estimates cannot be obtained by applying discharge weights to all sampled hospitals/patients within a state) 9 and similarly, after changes in methodology in 2012, due to variable sampling rates across hospitals, applying discharge weights to the sample from a hospital does not generate hospital-level estimates;
5 (e) analyses of national estimates need to account for both sample design, specifically clustering and stratification, as well as changes in sampling strategies over time; 10 (f) NIS uses administrative diagnosis and procedure codes listed on the billing record for the corresponding hospitalizations and these codes are not individually validated.
11 Hence, the diagnosis and procedure codes that do not affect billing substantially may be prone to variation in reliable coding practices.
Additional resources: https://www.hcup-us.ahrq.gov/tech_assist/faq.jsp#nis 3. HCUPnet: To allow investigators to test their analyses and results against those generated through the appropriate methodology, the 'HCUPnet' portal presents a point-and-click interface to assess the overall capture rate of specific diagnosis and procedure claims codes nationally. It is available at: https://hcupnet.ahrq.gov/ eAppendix 4. Detailed Criteria for Adjudicating Study Methodology
General instructions
All questions are structured so that an incorrect research practice scores a point (1) , and an accurate practice gets a zero (0). If they report NIS encounters as discharges or encounters, then score a 0.
Question
Did the study obtain estimates for one or more U.S. states?
If there is any mention of state-level estimates, or estimates for groups of states using the NIS data, score a 1, else a 0.
Did the study obtain estimates for hospital-or facility-level volumes using data from NIS 2012-14?
A study will be included in the denominator for this research practice if it performed hospital-or facilitylevel volume assessments.
If study assessed hospital volumes in the NIS data for 2012 or after, score a 1. Hospital volume assessments can only be performed for NIS 1988-2011.
If not, score a 0.
Did the study assign diagnosis or procedure volume estimates to individual physicians?
Physician-level volume estimates cannot be accurately performed with the NIS due to differences in reporting practices across states, inability to link a physician with a given aspect of healthcare (e.g. a procedure), and the use of the provider codes to identify groups of physicians in some practices and individual providers in other states. If performed, score a 1. Else score a 0.
Were the primary or secondary International Classification of Diseases (ICD) diagnosis codes used to infer in-hospital without a prior validation of such an approach?
Were any of the outcomes defined by presence of ICD-9 codes, such that you cannot differentiate if these were present on admission (comorbidities) or true complications? If yes, score 1.
As an example, "anemia" as a secondary diagnosis code can be wrongly assumed to represent a bleeding complication from a procedure, but it may have been present on admission.
However, if the study assesses procedural complications, the use of ICD-9CM diagnosis codes 996.xx to 999.xx specifically identifies post-procedural complications. Therefore, score a 0 for these studies.
If a study used the Agency of Healthcare Research and Quality's validated patient safety indicators (PSIs) to identify complications, score a 0.
Did the study not explicitly account for the survey design and its components -clustering, stratification, and weighting?
If the study mentions one of the following in the methods or other sections of the manuscript, score a 0 (i.e. study accounts for this): a) "SURVEY or SVY commands were used to analyze the data" b) "Analyses account for stratification and clustering of data" c) "Analyses account for the complex survey design of the data" Please note that studies that say only 'weighting' was done to obtain national estimates and do not mention that the data's complex survey structure was accounted for in the analyses will be scored a 1. All studies that do not mention the above at all will also score a 1.
Did the study not adequately address changes in data structure over time (for trend analyses)?
Sampling design changed in 1998 and 2012. A study will be included in the denominator for this metric if it used data that included these transition points.
For evaluation of the research practice among eligible studies, did the candidate study mention these changes, and account for them in their analyses by explicitly stating in the methods section? They may account for these changes by (1) stating that these changes were accounted for in their analyses, or (2) specifically mentioning the use of modified discharge weights. If a study uses either of the two approaches, score a 0, otherwise, score a 1. 
